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SUWARY
T h i s  t h e s i s  d e s c r i b e s  a  s t u d y  o f  ( 1 )  m i c r o s c o p i c  d e t a i l s  f o r  t h e  h y d r a -
t . i o n  o f ' 1 , 4 - d i o x a n e  ( 1 , 4 - D )  a n d  1 , 3 - d i o x a n e  ( 1 , 3 - D )  i n  w a t e r ,  ( 2 )  p r e f e r e n -
t r ' a l  s o l v a t i o n  o f  1 , 3 - d i s u l f o n e s  i n  1 , 4 - D - w a t e r ,  1 , 3 - D - w a t e r ,  a n d  1 , z - d i -
me thoxye thane  (DME) -wa te r  m ix tu res ,  and  (3 )  so l ven t  e f f ec t s  on  the  wa te r -
c a t a l y z e d  h y d r o l y s i s  o f  a r y l s u l f o n y l m e t h y l  p e r c h l o r a t e s  i n  1 , 4 - D - w a t e r ,  1 , 3 -
D-wa te r ,  and  DME-wa te r  m ix tu res .
T h e  c o n c e p t  o f  p r e f e r e n t i a l  s o l v a t i o n  i s  o u t l  i n e d  i n  c h a p t e r  I .  I n  t h e
s a m e  c h a p t e r  t h e  p r o p e r t i e s  o f  c o o 1 ,  l i q u i d  w a t e r  a n d  a q u e o u s  o l u t i o n s  a r e
b r i e f l y  r e v i e w e d .  F u r t h e r m o r e ,  a d e t a i l e d  r e v i e w  o f  a v a i l a b l e  l  i t e r a t u r e
d a t a  o n  t h e  p r o p e r t i e s  o f  1 , 4 - D - w a t e r ,  i , 3 - D - w a t e r , a n d  D M E - w a t e r  i s g i v e n .
In fo rma t i on  conce rn ing  the  1 ,3 -D-wa te r  and  DME-wa te r  sys tems  i s  sca rce  when
c o m p a r e d  w i t h  t h e  t h o r o u g h l y  s t u d i e d ' 1 , 4 - D - w a t e r  s y s t e m .  I n  s p i t e  o f  t h e
e x t e n s i v e  d a t a  c o n c e r n i n g  1 , 4 - D - w a t e r ,  u n t i l  n o w  a l m o s t  i n s u r m o u n t a b l e  d i f -
f i c u l t i e s  h a v e  b e e n  i n v o l v e d  i n  l i n k i n g  t h e r m o d y n a m i c  a n d  s p e c t r o s c o p i c
d a t a  w i t h  a  m i c r o s c o p i c  p i c t u r e  o f  i n t e r m o l e c u l a r  i n t e r a c t i o n s  a t  t h e  m o l e c u -
l a r  l e v e l  .
W e  a p p l i e d  t h e  M o l e c u l a r  D y n a m i c s  ( 1 " 1 D )  c o m p u t e r  s i m u l a t i o n  m e t h o d  i n
o r d e r  t o  o b t a i n  a  d e t a i l e d  p i c t u r e  o f  i n t e r a c t i o n s  a t  t h e  m o l e c u l a r  l e v e l
i n  h i g h l y  a q u e o u s ' 1 , 4 - D - w a t e r  a n d  1 , 3 - D - w a t e r .  A s  a  s t a r t i n g  p o i n t  f o r  t h e
l 4 D  s i m u l a t i o n  o f  p r e f e r e n t i a l  s o l v a t i o n  p h e n o m e n a ,  b i s ( m e t h y l s u l f o n y l  ) -
m e t h a n e  i n  w a t e r  h a s  a l s o  b e e n  s t u d i e d  b y  t h i s  m e t h o d .
C h a p t e r  I I  p r o v i d e s  a n  i n t r o d u c t i o n  t o  t h e  a p p l i e d  M D  c o m p u t e r  s i m u l a t i o n
me thod .  The  p repa ra t i ons  f o r  an  MD run ,  t he  pe r fo rmance  o f  t he  run ,  and  the
m e t h o d  o f  a n a l y s i s  o f  t h e  n u m e r i c a l  r e s u l t s  a r e  d e s c r i b e d  i n  d e t a i l .  P a r t i c -
u l a r  a t t e n t i o n  i s  g i v e n  t o  b o t h  t i m e - a v e r a g e d  ( 1 . e .  ( p a i r )  i n t e r a c t i o n  e n -
e r g i e s ,  r a d i a l  p a i r  c o r r e l a t i o n  f u n c t i o n s ,  o r i e n t a t i o n a l  d i s t r i b u t i o n s  o f
h y d r a t i o n  s h e l l  a n d  b u l k  w a t e r ,  a n d  h y d r o g e n  b o n d i n g )  a n d  d y n a m i c  ( 2 . e .  s e l f
d  i f f u s i o n ,  r a d i a l  d i f f u s i o n ,  a n d  m o l e c u l a r  e o r i e n t a t i o n )  p r o p e r t i e s .
O u r  a n a l y s i s  o f  t h e  M D  r e s u l t s  i s  d e s c r i b e d  i n  c h a p t e r  I I I .  T h e  a q u e o u s
d i o x a n e s  ( 1  m o l e  o f  d i o x a n e  i n  1 2 ?  m o l e s  o f  w a t e r )  h a v e  b e e n  s i m u l a t e d  b o t h
a t  cons tan t  t empera tu re  and  vo lume  (T ,V )  and  a t  cons tan t  t empera tu re  and
p r e s s u r e  ( T , P ) .
The  (T ,V )  s imu la t i ons  gene ra l l y  show a  good  co r respondence  be tween  com-
pu ted  and  expe r imen ta l  mac roscop i c  p rope r t i es .  The  wa te r  mo lecu les  a round
t h e  d i o x a n e s  a r e  o r d e r e d  i n  a  o a r t i a l l y  d i s t u r b e d  c l a t h r a t e - l  i k e  f a s h i o n .
Th is  d i s tu rbance  i s  caused  by  d ipo la r  i n te rac t i ons  be tween  wa te r  and  the
s o l u t e  o x _ v g e n  a t o m s .  I t  i s  c o n c l u d e d  t h a t  1 , 3 - D  e x e r t s  a  c o n s i d e r a b l e  s t r u c -
tu re -b reak ing  i n f l uence  on  the  th ree -d imens iona l  hyd rogen -bonded  ne twork  o f
w a t e r ,  w h e r e a s  i n  t h e  c a s e  o f  1 , 4 - D  t h e r e  i s  a  d e l i c a t e  b a l a n c e  b e t w e e n
s t ruc tu re -b reak ing  and  s t ruc tu re -mak ing  e f f ec t s .  The  resu l t s  show tha t  t he
m o b i l i t y  o f  w a t e r  m o l e c u l e s  i n  t h e  h y d r a t i o n  s h e l l  o f  1 , 3 - D  i s  s i g n i f i c a n t -
1 y  e n h a n c e d  r e l a t i v e  t o  t h a t  o f  w a t e r  m o l e c u l e s  ' i n  t h e  1 , 4 - D  h y d r a t i o n  s h e l l .
I t  i s  a l s o  e m p h a s i z e d  t h a t  t h e  a v e r a g e  s t r u c t u r e  f o u n d  o n  t h e  b a s i s  o f  a
s i m u l a t i o n  o f  a  f e w  p s  o r  e v e n  l e s s ,  i s  n o t  n e c e s s a r i l y  c o m p a r a b l e  t o  t h e
( r e a l )  t i m e - a v e r a g e d  s t r u c t u r e  o f  t h e  s y s t e m  s t u d i e d .
A l t hough  s imu la t i ons  a t  cons tan t  t e rnpe ra tu re  and  p ressu re  a re  more  rea l -
i s t i c ,  t h e s e  c o n d i t i o n s  l e a d  t o  a n  a d d i t i o n a l  p r o b l e m .  D u e  t o  t h e  s m a l l  s i z e
o f  t h e  t r u n c a t e d  o c t a h e d r o n ,  t h e  a p p l i e d  p e r i o d i c i t y  i n d u c e s  p o o r  w a t e r -
w a t e r  c o n t a c t s ,  r e s u i t i n g  i n  a n  e x p a n s i o n  o f  a b o u t  9 . 5 1 / "  o f  t h e  a q u e o u s
d i o x a n e  s y s t e m s .  A l t h o u g h  p a r t i c u l a r l y  t h e  a b s o l u t e  v a l u e s  o f  d y n a m i c  p r o p e r -
t i e s  a r e  i n f l u e n c e d  s i g n i f i c a n t l y  b y  t h e  l o w e r  d e n s i t y ,  t h e  m a j o r  c o n c l u s i o n s
d r a w n  o n  t h e  b a s i s  o f  t h e  ( T , V )  s i m u l a t i o n s  a r e  n o t  a f f e c t e d .
The  tempera tu re  dependence  o f  t he  p rope r t i es  o f ' t he  1 ,4 -D-wa te r  sys tem
o v e r  a  s m a l l  t e m p e r a t u r e  r a n g e  o f ' 1 0 o  i s  a s  e x p e c t e d .  H o w e v e r ,  t h e  1 , 3 - D -
wa te r  sys tem behaves  ve ry  d i f f e ren t l y ,  wh i ch  i s  i n te rp re ted  i n  t e rms  o f  a
c h a n g e  f r o m  a  s i t u a t i o n  w h e r e  s o l v e n t - s o l v e n t . i n t e r a c t i o n s  d o m i n a t e  s o l u t e -
s o l v e n t  i n t e r a c t i o n s  a t  t h e  l o w e r  t e m p e r a t u r e  t o  t h e  o p p o s i t e  s i t u a t i o n  a t
t he  h ighe r  t empera tu re .
A  c o m p a r i s o n  o f  1 , 4 - D - w a t e r  a n d  1 , 3 - D - w a t e r  a t  ( T , P )  w i t h  a  s i m u l a t i o n
o f  an  emp ty  cav i t y  o f  co r respond ing  cav i t y  s i ze  a l so  shows  some in te res t i ng
fea tu res .  I f  i t  i s  assumed ,  t ha t  t he  cav i t y  i s  t he  co r rec t  s tanda rd  f o r  t he
d e f i n i t i o n  o f  s t r u c t u r e - m a k i n g  a n d  s t r u c t u r e - b r e a k i n g  p r o p e r t i e s ,  i n d e e d  i n
1 ,4 -D-wa te r  s t ruc tu re -mak ing  and  s t ruc tu re -b reak ing  p rope r t i es  a re  abou t
e q u a l l y  b a l a n c e d ,  w h e r e a s  1 , 3 - D  i s  d e f i n i t e l y  s t r u c t u r e - b r e a k i n g .  M o r e o v e r ,
ex i s t i ng  con t rove rsy  conce rn ing  s lower  d i f f us ion  and  reo r i en ta t i on  ra tes  o f
W a t e r  m o l e c u l e s  i n  t h e  h y d r a t i o n  s h e l l  o f  s t r u c t u r e - b r e a k i n g  s o l u t e s ,  a s
c o m p a r e d  t o  b u l k  w a t e r ,  i s  r e l i e v e d  c o m p l e t e l y  w h e n  t h e  c a v i t y  i s  a d o p t e d
a s  a  s t a n d a r d .
The  s t ruc tu re -b reak ing  cha rac te r  o f  su l f ony l  compounds  has  been  con f i rm-
e d  i n  t h e  M D  s i m u l a t i o n  o f  b i s ( m e t h y l s u l f o n y l ) m e t h a n e  i  w a t e r .  T h e  w a t e r
m o l e c u l e s  i n  t h e  f i r s t  s o l v a t i o n  s h e l l  a r e  f o u n d  t o  a d o p t  c l a t h r a t e - l i k e
o r . i e n t a t i o n s  a r o u n d  t h e  m e t h y l  g r o u p s ,  w h i l e  w a t e r  m o l e c u l e s  a r o u n d  t h e  s u l -
f ony l  and  me thy lene  g roups  i n te rac t  s t rong l y  w i t h  t he  so lu te  v i a  hyd rogen
b o n d i n g .  D e s p i t e  t h e  r e l a t i v e l y  1 o w  c h a r g e  o n  t h e  m e t h y l e n e  h y d r o g e n  a t o m s ,
hyd rogen  bond ing  to  t he  me thy lene  mo ie t y  i s  much  s t ronge r  t han  su l f ony l
oxygen -wa te r  hyd rogen  bond ing .  Neve r the less ,  wa te r  mo lecu les  wh i ch  a re  hy -
d rogen  bonded  to  t he  me thy lene  hyd rogens  how enhanced  ro ta t i ona l  mob i l i t y .
T h e  r e s u l t s  o f  a n  l H - N M R  c h e m i c a l  s h i f t  s t u d 5 ,  o f  t h e  B - d i s u l f o n e s  1 - 4
a n d  t h e  B - k e t o s u l f o n e  5  i n  1 , 4 - D - w a t e r ,  1 , 3 - D - w a t e r , a n d  D M E - w a t e r  a e  p r e -




R r = R r = M e
R,  =  I \ {e ;  R ,  - -  E t
R r = R r = E t
R t  =  E t ;  R ,  =  v i n Y l
R1s02cH2coR2
5 ,  R .  =  R ^  =  I t l e
I Z
l a t i on  o f  1  i n  wa te r ,  t he  me thy lene  N l l lR  chemica l  sh i f t  r esponds  c lose l y  t o
t h e  c o m p o s i t i o n  o f  t h e  f r ' r s t  m e t h y l e n e  s o l v a t i o n  s h e l l .  T h e  e x n e r i m e n t a l
me thy lene  chemica l  sh i f t  cu rves  a re  ana l yzed  quan t i t a t i ve l y  i n  t e rms  o f  t he
th ree  Cov ing ton  equa t i ons  and  a  f ou r th  equa t i on ,  wh i ch  comb ines  two  o f  t he
C o v i n g t o n  t r e a t r n e n t s ,  u s i n g  a  n o n l  i n e a r  l e a s t - s q u a r e s  f i t  r o u t i n e .  T h e  b e s t
r e s u l t s  a r e  o b t a i n e d  b y  u s i n g  C o v i n g t o n ' s  n o n s t a t i s t i c a l  d i s t r i b u t i o n  a p -
p r o a c h ,  a n d  i n d i c a t e  p r e f e r e n t i a l  s o l v a t i o n  o f  t h e  o r g a n i c  s o l u t e  b y  t h e
c o s o l  v e n t .
F rom a  comb ina t i on  o f  t he  ca l cu la ted  and  the  expe r imen ta l  f r ee  ene rgy
o f  t r a n s f e r  o f  t h e  B - d i s u l f o n e s  1  a n d  3  f r o m  n H Z 0  =  1 . 0  t o  n H 2 0  =  0 . 9  a n d
0 . 8 ,  t h e  n u m b e r  o f  w a t e r  m o l e c u l e s  i n  t h e  s o l v a t i o n  s h e l l  t h a t  i n f l u e n c e
t h e  m e t h y l e n e  c h e m i c a l  s h i f t  s i g n i f i c a n t l y  i s  e s t i m a t e d  t o  b e  a b o u t  4 .
C h a p t e r  V  p r e s e n t s a n  a n a l y s i s  o f  t h e  s o l v e n t  c o m p o s i t i o n  d e p e n d e n c e  o f
t he  pseudo - f i r s t -o rde r  ra te  cons tan ts  and  i soba r i c  ac t i va t . i on  pa rame te rs
fo r  t he  wa te r - ca ta l yzed  hyd ro l ys i s  o f  t he  cova len t  a ry l su l f ony lme thy l  pe r -
c h l o r a t e s  6  a n d  7  i n  1 , 4 - D - w a t e r , 1 , 3 - D - w a t e r , a n d  D M E - w a t e r .  T h e  i n c r e a s e
o f  t h e  p s e u d o - f i r s t - o r d e r  r a t e  c o n s t a n t  u p o n  a d d i t i o n  o f  c o s o l v e n t  u n t i l
n H Z O  =  0 . 8  i s  a t t r i b u t e d  t o  a n  i n c r e a s e d  k i n e t i c  b a s i c i t y  o f  w a t e r  a s  a
resu l t  o f  coso l ven t -wa te r  hyd rogen  bond ing .  The  behav iou r  o f  t he  ra te  con -
s tan ts  be tween  r tH .0  =  0 .8  and  nH^n  r y  0 .3  i s  de te rm ined  by  t he  sh i f t  o f  t he
" a -  " t -











a s  t h e  m a j o r  h y d r o g e n - b o n d e d  c o m p l e x .  B e l o w  n H Z O  =  0 . 3  a  s i m p l e  d i l u t ' i o n  o f
h y d r o g e n - b o n d e d  s p e c i e s  d e t e r m i n e s  t h e  b e h a v i o u r  o f  k o b r .  T h e  a p p a r e n t  s e c -
ond -o rde r  ra te  cons tan t  f o r  hyd ro l ys i s  o f  6  and  7  i n  1 ,4 -D-wa te r  has  a  nea r -
1 y  c o n s t a n t  v a l u e  b e l o w  n H 2 0  o  0 . 8 .  T h i s  b e h a v i o u r  m a y  b e  a t t r i b u t e d  t o
p r e f e r e n t i a l  s o l v a t i o n  o f  t h e  s u b s t r a t e  b y  1 , 4 - D .  I n  o r d e r  t o  d i s s e c t  t h e
c h a n g e s  i n  t h e  a c t i v a t i o n  p a r a m e t e r s  f o r  h y d r o l y s i s  o f  6  a n d  7  i n t o  i n i t i a l
s ta te  and  t rans i t i on  s ta te  con t r i bu t i ons ,  t he rmodynam. i c  t r ans fe r  pa rame te rs
fo r  t he  i n i t i a l  s ta te  o f  6  and  7  have  been  app rox ima ted  by  t he  use  o f  mode l
compounds  B  and  9 .  The  de r i ved  t rans fe r  pa rame te rs  i nd i ca te  t ha t  t he  de -
^  . . +
c r e a s e  o f  a H *  u p o n  i n i t i a l  a d d i t i o n  o f  c o s o l v e n t  ( u n t i l  n H 2 0  =  0 . 8 )  i s
p r imar i l y  due  to  a  t r ans i t i on  s ta te  e f f ec t .  l , l he reas  the  con t r i bu t . i on  o f  t he
t rans fe r  pa rame te rs  o f  wa te r  t o  t he  t r ans fe r  pa rame te rs  f o r  t he  i n i t i a l
s ta te  may  sa fe l y  be  neg lec ted ,  t he re  may  be  s ign i f i can t  med ium e f fec t s  on
the  reac t i on  wa te r - so l ven t  i n te rac t i ons  wh i ch  pa r t l y  de te rm ine  the  changes
in  t he  t rans fe r  pa rame te rs  f o r  t he  t r ans i t i on  s ta te .  Good  and  coworke rs
s u g g e s t e d  t h a t  t h e  l a t t e r  e f f e c t s  a r e  p h . v s i c a l l y  r e l a t e d  t o  t h e  a c t i v a t i o n
p r o c e s s  f o r  f l u i d  m o t i o n  i n  t h e  s o l v e n t  m i x t u r e  u n d e r  i n v e s t i g a t i o n .  0 n e
noss ib le  ann roach  t . o  accoun t  f o r  t h i s  con t r i bu t i on  has  been  advanced .  Fo r' _  * r r '
a  q u a n t i t a t i v e  a n a l y s i s ,  h o w e v e r ,  m o r e  e x t e n s i v e  k i n e t i c  d a t a  a r e  n e c e s s a r y .
